Honey is a key product of the traditional agriculture in Hungary and an important export commodity of the Hungarian commerce. The content of metals in honeys is essential for food quality and safety, in addition to which it provides elemental fingerprints about the region where the honey was collected. The aim of this study was to determine and compare the element content of black locust, oilseed rape and sunflower honey samples collected from the southern part of the Hungarian Great Plain. The major (K and Mg), trace (Fe, Zn, Cu, Mn, B, Al, Co, Ni, Se and Mo) and toxic elements (As, Pb and Cd) of the samples were determined by Inductively Coupled Plasma-Mass Spectrometry (ICP-MS). Principal Component Analysis (PCA) was performed to compare the mineral content of the different honey types. Our analyses revealed that K was the most abundant element in the investigated honey samples. Among the trace elements, B, Fe, Zn and Cu were found in the highest concentrations. Sunflower honey contained the highest concentrations of K, Mg and Mn, while oilseed rape honey showed the highest B content. The mineral content of honeys decreased in order of sunflower, oilsed rape and black locust. There were no differences among the honey types in the toxic element content (As, Pb and Cd), which was under the detection limit in many honey samples. According to the multivariate method, the Mg, B, Al, K and Zn contents are considered to be the most important indicator for distinguishing the investigated honey samples and types. The results obtained from the mineral content analyses showed that differences in major, trace and toxic elements between Hungarian unifloral honeys as well as a detailed comparison of honeys with different geographic origins can be used for quality assessment.
INTRODUCTION
Honey quality has significant economic importance, since it affects food processing, production and consumer expectations. Owing to the geographic and climatic conditions, honey production and beekeeping have been important agricultural activities for hundreds of years in Hungary and especially in the Hungarian Great Plain (SzűcS 2010). According to the data given by the National Hungarian Apiculture Association (Országos Magyar Méhészeti Egyesület, OMME), there were 18,782 beekeepers in Hungary in 2011, and 1,065,860 honey bee colonies produced about 20,000 tons of honey per year (TóTh 2011). There are some regions in Hungary which provide a unique opportunity for food and honey production activities. One of the most important areas, from both a commercial and economic point of view, is the Hungarian Great Plain. This area is characterized by a continental climate and special soil conditions. Many types of unifloral (black locust, rape and sunflower) and multifloral honeys of this region are produced by about 28,000 honey bee colonies (TóTh 2011) .
Chemical markers based on the analysis of the compositional data of honey volatile compounds, phenolic acids, flavonoids, carbohydrates, amino acids and mineral contents, are optimal to investigate the authentication and characterization of botanical and geographic origins of unifloral honeys (KašKonienė, VenskuTonis 2010). However, one of the most important indicators of honey quality is the mineral content, which strongly depends on the geographic origin of honeys and can be used for the classification of honey samples (Terrab et al. 2004 , hernandez et al. 2005 , bogdanoV et al. 2007 , Tuzen et al. 2007 , Pisani et al. 2008 , KašKonienė, VenskuTonis 2010 , nowak et al. 2011 , de alda-Garcilope et al. 2012 , chen et al. 2014 . The macro-(K, Ca, Mg and Na), trace (Fe, Cu, Mn, Zn, B, Ni and Co) and toxic elements (As, Cd, Pb) are taken up by the plant's root system, transported to flowers via stems and finally secreted into nectar, which is the source of honey. Thus, the mineral content of honey mostly depends on the soil composition and also on the type of plant species (przybyłowSKi, wilczyńSKa 2001 , sTankoVska et al. 2008 , Pohl 2009 . Some of the heavy metals (e.g. As, Pb and Cd) can accumulate in honey as a result of environmental contamination (conti, botre 2001 (conti, botre , Pohl 2009 (conti, botre , citaK et al. 2012 . As well as being an important indicator of honey quality, the metal content provides elemental fingerprints about the region where the honey was collected. Trace element analysis by Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) together with multivariate analysis are useful tools for identification of honey authenticity using the mineral content profile; becides, they reveal the relationship between the distribution of elements and unifloral honey types (chudzinSKa, baralKiewicz 2010).
The mineral content of the Hungarian honeys has been studied for just some species (czipa et al. 2008, zajácz et al. 2008) and no data are available on the metal content of unifloral honeys originated from the Hungarian Great Plain. Our aim was to study the mineral content of unifloral honeys from the southern part of the Hungarian Great Plain and to compare the macro-, trace and toxic element content of honey samples from this region using IC-P-MS, which can help to classify the honeys according to their botanical and geographic origin.
MATERIAL AND METHODS

Samples
Twenty-seven unifloral honey (black locust, rape and sunflower) samples were collected in 2013 and 2014 from different locations of the Hungarian Great Plain (Figure 1 ). The honey samples were taken directly from beekeepers. All samples were unpasteurized and were taken no more than three months after extraction. Samples were stored in tubes and kept at 4-5°C in dark. Before sampling, the honey tubes were gently heated to 50-60°C. The declared botanical origin by the producers was considered. 
Instrumentation
Elemental analysis was carried out by XSeries II Inductively Coupled Plasma-Mass Spectrometry (ICP-MS; Thermo Scientific, Bremen, Germany). A MarsXpress microwave destructor system (CEM, Matthews NC, USA) of Teflon reaction vessels was used in all the digestion procedures. The reaction vessels were cleaned using 10 ml of concentrated nitric acid before each digestion.
Reagents and solutions
All used chemicals were of analytical-reagent grade. Double-distilled water was used in all dilutions. HNO 3 (Reanal, Budapest, Hungary) and H 2 O 2 (Merck, Darmstadt, Germany) were of suprapure quality. The element standard solutions used for calibration were prepared by adequate dilution of standard solutions (1000 mg L -1 ) of each element obtained by Sigma (Sigma -Aldrich, St. Louis MO, USA). The same procedure was applied to prepare the solutions of Ga, Pt and Rh (1000mg L −1 stock solution, Sigma), which were chosen as the internal standards for the mass spectrometric technique.
Determination of the elements
Concentrations of macro-and trace elements were determined by ICP -MS. 250 mg of each honey sample was homogenized and placed for 20 h in test tubes, which contained 6 ml concentrated nitric acid (HNO 3 ) and 2 ml H 2 O 2 . The samples were digested in a microwave destructor at 200°C for 25 min (1600 W). Samples were then cooled and diluted with 12 ml doubledistilled water. ICP-MS was used to determine the metal content in the honey samples. The operating parameters are presented in Table 1 . Results were expressed in mg or ng element g −1 honey. Data are presented as average values ±SD, n = 3. 
Statistical analysis
Different metal contents between distinct unifloral honey groups were subjected to one-way analysis of variance (ANOVA) to determine the presence of significant differences (Duncan test, significance level: P < 0.05), using Sigma plot 11.0 software (Systat Software Inc., Erkrath, Germany). To compare the mineral content of the different honey types, Principal Component Analysis (PCA) ordination was performed using the matrix of variance-covariance of the log-transformed (log10(x+1)) data of honey samples (15 elements × 27 honey samples). PCA is a multivariate method which is an objective way of addressing the problems of large numbers of variables and which is commonly used for clustering datasets (Jolliffe 2002) . A biplot ordination diagram, which gives a simultaneous display of both honey samples and elements, was used to visualize the results. PCA analysis was conducted with PAST 3.05 (hammer et al. 2001) .
RESULTS AND DISCUSSION
Differences in mineral content
The mineral content of the studied unifloral honeys is shown in Table 2 . K was the most abundant mineral in all unifloral honey samples. The K concentration ranged from 446.30 to 790.17 mg kg -1 in sunflower honey, while the average was 590.9 mg kg -1 , which was significantly higher compared to the oilseed rape (320.06 mg kg -1 ) or black locust (282.68 mg kg -1 ) honeys (Table 2) . Similar values of K were found in black locust honeys from Slovenia (golob et al. 2005 , kroPf et al. 2010 Both the Mn and B contents showed significant differences in the honey types ( Table 2 ). The Mn concentration was significantly lower in the black locust honey (0.13 mg kg ) and oilseed rape honeys (0.23 mg kg -1 ). The Mn content in the oilseed rape honeys from Poland and the black locust honeys from France was similar to that in Table 2 Average element contents of unifloral honey samples from the Hungarian Great Plain
Parameter
Honey type black locust (n = 9) oilseed rape (n = 9) sunflower (n = 9) K (mg kg ) content of the rape honey was higher than that of the sunflower (9.47 mg kg -1 ) and black locust (5.81 mg kg -1 ) honey (Table 2 ). The average B concentration was higher in the Hungarian oilseed rape honeys than in the Polish ones (MadejczyK, baralKiewicz 2008 , chudzinSKa, baralKiewicz 2010 . In contrast, we did not find significant differences between the unifloral honey types considering their Fe (2.71-9.67 mg kg ) contents (Table 2) We did not find any differences between the honey types considering their toxic element content (As, Pb and Cd) - ) contents were the highest in the black locust honey and the average Cd content peaked in the oilseed rape honey (0.005 mg kg -1 ). On the other hand, we have to mention that the levels of toxic elements were under the detection limit in many honey samples. chudzinSKa and baralKiewicz (2010) found similar levels of Pb and Cd in the Polish oilseed rape honey and bogdanoV et al. (2007) measured similar levels of Pb and Cd in Swiss black locust and oilseed rape honey. In the black locust honey from Saudi Arabia (alqarni et al. 2014) and Slovenia (golob et al. 2005) , the levels of these elements were higher than in the Hungarian samples. However, bilandžić et al. (2012 However, bilandžić et al. ( , 2014 found similar As and Cd contents but higher Pb content in the black locust and oilseed rape honey from Croatia.
Multivariate analysis of samples
The ordination diagram of PCA also revealed differences among the unifloral honey types (Figure 2 ) and confirmed the results obtained with the ANOVA. The PCA axis 1 explained 45%, while the PCA axis 2 explained 21% of the variance in the mineral content. Axis 1 opposed black locust honey samples, on the left, and sunflower honey samples, on the right. Four out of nine oilseed rape honey samples were situated between the black locust and sunflower samples. One oilseed rape honey sample was very similar to black locust honey samples. There was considerable variation among the oilseed rape honey samples, whereas the sunflower honey samples were the most similar to one another. At the lower end of PCA axis 1, samples shoved a relatively low content of Mg, K, B and Al, while at the higher end of this axis samples showed a relatively high content of Mg, K, B and Al. Only two oilseed rape honey samples were separated clearly from the other samples along PCA axis 2, by containing a relatively high content of B and Al, and a relatively low content of K and Zn. Other elements played a smaller role in the differentiation of samples. Four elements (Co, Cd, Mo and Se) which had the lowest influence on the separation of samples are not shown in Figure 2 , although their eigenvector scores can be found in Table 3 .
CONCLUSIONS
The results obtained from the trace element analysis showed that differences in major, trace and toxic elements between Hungarian unifloral honey as well as a detailed comparison of honey samples with different geographic origins can be used for quality assessment. We can conclude that the investigated honey types were of good quality and contained only very small amounts of toxic elements (As, Pb and Cd). However, their K, Mg, B and Fe contents were relatively high and the total mineral content decreased in order of sunflower, oilseed rape and black locust. According to the multivariate method, the Mg, B, Al, K and Zn contents of the samples are considered to be the most important indicator for differentiating between the investigated honey samples and types. 
